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Fig.1 Experimental setup for internal face finishing 
Table 1 Cooling channel dimensions 
Material         SKD61 
  Hardness         45HRC 
Cooling channel 
  Form         U-shaped 
  Diameter [mm]     5, 8, 10 
  Length [mm]      80 
 
Table 2 Experimental condition 
Free abrasive grain 
  Material   Al2O3 
  Average diameter [m]  425 
  Concentration [vol%]   9.7 
  Fluid   Water 
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Surface Modification of Cooling Channel inside the Die Casting Dies with Free Abrasive Grains 
-Investigation of Finishing Mechanism by Visualization of Flowing Grains- 
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This paper deals with the surface modification of cooling channels in die casting dies with free abrasive grains. 
When the internal pressure is loaded to the hydraulic cylinder, the solution containing the free abrasive grains is 
passed through the cooling channel. The internal face is then finished by the free abrasive grains. The influences of 
various conditions on finishing characteristics, such as channel diameter and internal pressure, are experimentally 
investigated. Free abrasive grains flowing in the cooling channel is observed using high speed camera. It was 
measured the grains velocity, using the videos taken by the high speed camera. It was discussed the finishing 























2.2 被加工水管モデル  
実験に用いた水管モデルの仕様を表 1 に示す．水管は，ダイカ
スト鋼 SKD61 に対してドリルで穴加工を行い，直径が 5, 8, 10 mm，
長さが 80 mmである U 字形状とした．試料は，穴加工を行った後





























































力 0.9 MPa の場合に焼入れ表面やツールマークの無い良好な表面
が得られた Rz = 13 mとなる粗さを基準としている．各流入圧力
において，Rz = 13 m以下となる研磨時間を示している．流入圧
力が 0.9 MPa の場合，十分研磨が進行したといえるまで 2000 秒か





磨 2000 秒段階の最大高さ粗さ Rzを調べた結果，及び各流入圧力
における研磨 2000 秒段階の水管下面の画像を図 6に示す．図 6 (a)
より砥粒流速が 3.0 m/s の場合，研磨 2000 秒段階において水管の
広範囲にわたり黒色の焼入れ表面が観察される．一方，図 6 (b) (c) 












(2) 水管径が 5 mm の水管を用いて，砥粒の可視化を行った．水
管表面をツールマークの無い良好な表面にするには砥粒流
























































(a) 0.5 MPa (b) 0.9 MPa (c) 1.4 MPa
(d) 2.2 MPa



































Average diameter: 425 m
Concentration: 9.7vol%
Finishing time: 2000 sec
Fig.6 Relation between grain velocity and surface roughness 
 
 






















Average diameter: 425 m
Concentration: 9.7vol%
Rz= 13 m
Fig.5 Relation between internal pressure and finishing time  
Table 4 Decrements of the surface roughness 
in the diameter of cooling channel 
  5  8  10
Initial roughness [m] 24.6 30.6 46.1
Finishing roughness [m] 10.1 19.3 36.8
Roughness decrease rate [%] 59.3 36.9 20.2
 Diameter of cooling channel [mm]






















Average diameter: 425 m
Concentration: 9.7vol% 
Internal pressure : 2.2 MPa
DRz= 10 m
Fig.4 Relation between diameter of cooling channel and finishing time  
 
 
1 mm1 mm 1 mm
(a)  5 (Rz = 10.1 m) (b)  8 (Rz = 19.3 m)  (c)  10 (Rz = 36.8 m)  
Fig.3 Image of cooling channel after finishing time of 2000 sec 
Table 3 Photographing condition 
High speed video camera 
Recording speed [fps]    9300 
Resolution   1024 × 512 
Light source   Metal halide lamp 
Internal pressure [MPa]   0.5 - 2.2 
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